Transverse oscillations of a relativistic electron beam propagating in a beamvinduced ion channel has been theoretically investigated and experimentally observed. Good agreement between experimental observations and theoretical calculations strongly suggests that these oscillations may be caused by the ion hose (ion resonance) instability. 
for f 1 1. Here m i and me are the ion and electron rest masses, and Fij(x) is the electrostatic force exerted on column i by column j, with relative centroid displacement distance x. For two columns with Gaussian profiles and equal radii, we can obtain
.
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Making use of Equations (1) and (3), Equation (?) can be rewritten as
and
where a = e 2 Nb/yneR 2 C 2 1(kA)/17yR 2 , and n = *n e /mi* Noting that n << 1, and that z enters Equation (4) only through a/3z, we seek solution to Equation (4) of the form
2?2
with a/at) << kzc. It is furthermore required that k < 1, which assures the validity of the rigid treatment. Then by substituting Equation (5) into Equation (4a), we obtain 
22Ĩ
n Equation (6), 6(t) is determined by 6(t) = t2/2to kzct)/2kzc.
Substituting Db in Equation (6) into Equation (4b) gives
The full behavior of Equation (7) is complicated and can only be calculated numerically. The detailed results will be presented elsewhere. However, Equation (7) can be approximated to For the region 6' 0, Equation (8) can he solved to give i. e i ' where
Away from this region, Equation (8) can be approximated by
which indicates stable oscillations for S' < 0, and purely growing for 6' > 0.
From this theoretical analysis, we conclude that, for an electron beam propagating through an initially neutral gas, the ion resonance mode for a given axial wavelength k z becomes unstable at time td = k 2 t / % , and that growing c tda an thtgrwn oscillations given by Equation (9) can be observed only for very low pressure (large t o ) regime. In reality, for f = t/t 0 < I/y 2 + 2T /vmc 2 , the beam radius R is large and rapidly changing, and thus long wavelength modes such that k2c2 /a < 1/y 2 + 2T /.mc 2 are stabilized by wall effects and betatron detuning.
The unstable mode observed arp expected to be the longest axial wavelength that satisfies the condition the instability was also observed in all cases. Figure 2 shows traces of the beam current pulse and the centroid displacement waveform for a low and a high pressure discharges.
In order to relate the experimental observations to the theoretical calculations, we note that the axial wavelength, xz, of the perturbation is The r cillation frequencies for very low pressure cases can now be found, with z= 25 cm, from Equation (9) 
As can be seen from Figure 4 , Equation (14) well characterizes the behavior of the experimentally determined onset time for Argon (a similar situation occurs for Nitrogen).
In conclusion, ion hose instability of an intense relativistic electron beam propagation in a beam-induced plasma channel has been investigated. 
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